1. Introduction
===============

Current guidelines recommend the use of angiotensin converting enzyme inhibitors (ACEIs) in patients with ST-segment elevation myocardial infarction (STEMI) and non-STEMI (NSTEMI).^\[[@R1]--[@R4]\]^ Additionally, angiotensin II type I (AT1) receptor blockers (ARBs) are ACEIs alternatives for STEMI and NSTEMI patients intolerant to ACEIs.^\[[@R1]--[@R4]\]^ Renin--angiotensin system inhibitors (RASIs) have been proven to ameliorate cardiovascular events via improving endothelial function, cardiovascular remodeling, and atherosclerosis progression.^\[[@R5],[@R6]\]^ Additionally, possible mechanisms for the beneficial role of RASIs in diabetes progression prevention have been suggested,^\[[@R7],[@R8]\]^ and according to these studies, the main roles of RASIs in diabetes patients were associated with insulin sensitivity improvement or insulin secretion enhancement.^\[[@R9],[@R10]\]^ Recent meta-analysis reported that ACEIs and ARBs have comparable effects on major cardiovascular and renal outcomes (odds ratio, 1.10; 95% confidence interval \[CI\], 0.90--1.40).^\[[@R11]\]^ Anigotensin II has been shown to indirectly induce differentiation of adipocyte precursors into mature fat cell.^\[[@R12]\]^ Angiotensin II further increases lipogenesis and trigyceride content in the adipocytes by increasing fatty acid synthase and glycerol-3-phosphate dehydrogenase.^\[[@R13]\]^ Some previous studies^\[[@R14]--[@R16]\]^ have suggested that overexpressed AT1 receptors, as well as an increased affinity of such receptors for circulating and locally released angiotensin II, are present in hypercholesterolemia patients, and that ACEIs and ARBs inhibit the production of angiotensin II or their binding to AT1 receptors in these patients. However, published data that focuses on the comparative beneficial effects of RASIs in diabetes and dyslipidemia, especially in the acute myocardial infarction (AMI) milieu, is limited. Hence, this study, which aimed at investigating the impacts of RASIs on the 2-year clinical outcomes in diabetic and dyslipidemic AMI patients who had undergone a successful percutaneous coronary intervention (PCI) using newer-generation drug-eluting stents (DESs), was conducted.

2. Methods
==========

2.1. Study population
---------------------

The data used for this study was obtained from the Korea AMI Registry (KAMIR).^\[[@R17]\]^ A total of 45,843 AMI patients who underwent successful PCI between November 2005 and June 2015 were eligible. Patients with the following characteristics were excluded: deployed bare-metal stents (n = 2,099, 4.6%), deployed first-generation DESs (n = 9,967, 21.7%), RASIs were not prescribed (n = 4,346, 9.5%), incomplete laboratory results (n = 10,050, 21.9%), and lost to follow-up (n = 2,384, 5.2%). Finally, a total of 16,997 AMI patients who had undergone successful PCI with the use of newer-generation DESs, including zotarolimus-eluting stent, everolimus-eluting stent, and biolimus-eluting stent were enrolled. Among them, 11,132 (65.5%) were classified as group A (diabetes and dyslipidemia negative group), 3,860 (22.7%) as group B (diabetes only group, i.e., diabetes positive and dyslipidemia negative), 1,328 (7.8%) as group C (dyslipidemia only group, i.e., diabetes negative and dyslipidemia positive), and the remaining 677 (4.0%) as group D (diabetes and dyslipidemia positive) (Fig. [1](#F1){ref-type="fig"}). The KAMIR is a nationwide, prospective, observational on-line registry in South Korea, established in November 2005. All data collection was done using a web-based case report form at each participating center and details of the registry can be found at the KAMIR website ([http://www.kamir.or.kr](http://www.kamir.or.kr/)). This study protocol was approved by the ethics committee at each participating center and the Chonnam National University Hospital Institutional Review Board (IRB) ethics committee (CNUH-2011-172) according to the ethical guidelines of the 1975 Declaration of Helsinki. All the 16,997 included patients provided written informed consent prior to enrollment, and also completed a 2-year clinical follow-up by face-to-face interviews, phone calls, or chart review.
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2.2. Percutaneous coronary intervention and medical treatments
--------------------------------------------------------------

In accordance with general guidelines,^\[[@R18]\]^ coronary angiography and PCI were performed via the femoral or the radial artery, and before PCI, all the patients were administered loading doses of aspirin (200--300 mg) and clopidogrel (300--600 mg) when available, or alternatively ticagrelor (180 mg) or prasugrel (60 mg). The total duration of dual antiplatelet therapy (DAPT), which is a combination of aspirin (100 mg/day) with clopidogrel (75 mg/day), ticagrelor (90 mg twice a day), or prasugrel (5--10 mg/day), was recommended for more than 12 months to patients who had undergone PCI. The administration of triple antiplatelet therapy (TAPT; 100 mg of cilostazol administered twice a day in addition to DAPT), was at the discretion of the individual operators.

2.3. Study definitions and endpoints
------------------------------------

In this study, the presence of dyslipidemia was defined as a positive dyslipidemia history, regardless of the presence or absence of the administration of lipid-lowering agents, or the administration of lipid-lowering agents, regardless of the presence or absence of a dyslipidemia history.^\[[@R19]\]^ In addition, patients who neither had a history of dyslipidemia nor received lipid-lowering agents, but had laboratory results that were compatible with the dyslipidemia diagnostic criteria, were considered dyslipidemic in this study. Given that the definition of dyslipidemia varies based on the guidelines used, as well as on ethnicity,^\[[@R20]--[@R22]\]^ dyslipidemia was defined in accordance with the Asian guideline,^\[[@R23]\]^ that is, patients whose 12 h fasting serum low-density lipoprotein cholesterol concentrations were ≥140 mg/dL, high-density lipoprotein--cholesterol concentrations were \<40 mg/dL, and triglyceride (TG) concentrations were ≥150 mg/dL. Diabetes was defined by treatment with glucose-lowering medication, ≥6.5% glycosylated hemoglobin, fasting serum glucose ≥126 mg/dL, or non-fasting serum glucose ≥200 mg/dL.^\[[@R24]\]^ If the admission electrocardiogram of patients who had ongoing chest pain showed ST-segment elevations in at least 2 contiguous leads of ≥2 mm (0.2 mV) in men or ≥1.5 mm (0.15 mV) in women in leads V2 to V3 and/or ≥1 mm (0.1 mV) in other contiguous chest leads or limb leads, or new onset left bundle branch block, then the patients were considered to be suffering from ST-segment elevation myocardial infarction (STEMI).^\[[@R2]\]^ If they showed absence of persistent ST-segment elevation with increased cardiac biomarkers, and the clinical context was appropriate, the patients were considered as NSTEMI.^\[[@R4]\]^ The major clinical endpoint was the occurrence of major adverse cardiac events (MACEs), defined as all-cause death, recurrent myocardial infarction (re-MI), any repeat coronary revascularization, including target lesion revascularization (TLR), target vessel revascularization (TVR), and non-TVR during the follow-up period. All-cause death was classified as cardiac (CD) or non-cardiac death. Re-MI was defined as the presence of clinical symptoms, electrocardiographic changes, or abnormal MI imaging findings, combined with an increase in the creatine kinase myocardial band (CK-MB) fraction above the upper normal limits or an increase in troponin-T/troponin-I to greater than the 99th percentile of the upper normal limit, during the follow-up period.^\[[@R2]\]^ TLR was defined as the revascularization of the target lesion due to restenosis or re-occlusion within the stent or 5 mm in and adjacent to the distal or proximal segment. TVR was defined as the revascularization of the target vessel or any segment of the coronary artery containing the target lesion. Non-TVR was defined as the revascularization of any segment of the non-target coronary artery.

2.4. Statistical analysis
-------------------------

All statistical analyses were performed using SPSS software v20 (IBM; Armonk, NY). Differences in the continuous variables of the four groups were evaluated using analysis of variance (ANOVA) or the Jonckheere--Terpstra test, and a post hoc analysis was performed using the Hochberg test or Dunnett-T3 test; data are presented as means ± standard deviation (SD). For discrete variables, differences between two of the four groups were analyzed using the χ^2^ test or Fisher\'s exact test, as deemed appropriate, and data are presented as counts and percentages. During the multivariable Cox proportional hazards regression analysis, the confounding baseline covariates were selected if they were significantly different (*P* \< .001) among the four groups, or had predictive values, which are listed as follows: age, gender (men), left ventricular ejection fraction (LVEF), body mass index, diastolic blood pressure, STEMI, NSTEMI, hypertension, previous myocardial infarction, previous PCI, previous coronary artery bypass graft, previous cerebrovascular accident, previous heart failure, current smoker, peak CK-MB, serum glucose, hemoglobin A1c, N-terminal pro-brain natriuretic peptide, serum creatinine, total cholesterol, triglyceride, low-density lipoprotein--cholesterol, high-density lipoprotein--cholesterol, cilostazole, calcium channel blocker, lipid lowering agent, left anterior descending coronary artery---infarct-related artery, right coronary artery-treated vessel, 1-vessel disease, 3-vessel disease, multi-vessel disease, stent diameter, stent length, and number of stents. Various clinical outcomes were estimated using the Kaplan--Meier curve analysis, and group differences were compared using the log-rank test. Two-tailed *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Baseline clinical, angiographic and procedural characteristics
-------------------------------------------------------------------

Table [1](#T1){ref-type="table"}  shows the baseline, laboratory, angiographic, and procedural characteristics of the study population, which had a mean age of 62.9 ± 12.4 years, and a mean left ventricular ejection fraction (LVEF) value of 52.7 ± 10.9%. The number of men among the enrolled patients was highest in group A (77.2%). The observed number of patients showing cardiovascular risk factors such as hypertension, ≥3-vessel disease, and previous MI, PCI, cerebrovascular accident, and heart failure, were highest in group D. Blood glucose, hemoglobin A1c, N-terminal pro-brain natriuretic peptide, and creatinine levels were highest in group B. In group C, blood total cholesterol and low-density lipoprotein--cholesterol levels, as well as the prescription rate of lipid lowering agents were the highest. However, the number of STEMI cases, current smokers, and the mean serum peak CK-MB value were highest in group A. The left main coronary artery and right coronary artery were the most frequent infarct-related artery in group D, while left anterior descending coronary artery was the most frequent infarct-related artery in group A. The numbers of American College of Cardiology/American Heart Association (ACC/AHA) type B2 and ACC/AHA type B2/C lesions were highest in group B, while the number of ACC/AHA type C lesions was highest in group C. During the PCI, the use of intravascular ultrasound was most frequent in group D. The diameter of the deployed stent was largest in group A, while its total length was longest in group B.

###### 
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3.2. Clinical outcomes
----------------------

The cumulative frequencies of MACEs, all-cause death, CD, any repeat revascularization, TLR, and TVR over the 2-year follow-up period are summarized in Table [2](#T2){ref-type="table"}. Before adjustment, the cumulative incidences of MACEs, CD, any repeat revascularization, TLR, and TVR were highest in group D, while the cumulative incidence of all-cause death was highest in group B. However, the cumulative incidence of non-TVR in the different groups was similar before and after adjustment. Furthermore, after adjustment, group B (9.6% vs 6.1%, Log-rank *P* \< .001; adjusted hazard ratio \[aHR\], 1.355; 95% CI, 1.176--1.562; *P* \< .001, Table [3](#T3){ref-type="table"} and Fig. [2](#F2){ref-type="fig"} ) and D (10.4% vs 6.1%, Log-rank *P* \< .001; aHR, 1.499; 95% CI, 1.142--1.969; *P* = .004) showed higher cumulative incidences of MACEs compared with group A. Additionally, the cumulative incidences of all-cause death (aHR, 1.476; 95% CI, 1.169--1.846; *P* = .001), any repeat revascularization (aHR, 1.434; 95% CI, 1.176--1.749; *P* \< .001), TLR (aHR, 1.855; 95% CI, 1.282--2.685; *P* = .001), and TVR (aHR, 1.556; 95% CI, 1.205--2.010; *P* = .001) in group B were significantly higher than those in group A (Table [3](#T3){ref-type="table"} and Fig. [2](#F2){ref-type="fig"} ). Furthermore, the cumulative incidences of Re-MI (aHR, 1.685; 95% CI, 1.107--2.792; *P* = .043), TLR (aHR, 2.019; 95% CI, 1.057--3.856; *P* = .033), and TVR (aHR, 1.651; 95% CI, 1.038--2.628; *P* = .038) in group D were significantly higher than those in group A (Table [3](#T3){ref-type="table"}). Comparing the MACEs cumulative incidences of group B and C showed that it was significantly higher in group B than in group C (aHR, 1.330; 95% CI, 1.022--1.732; *P* = .034). After adjustment, even though the cumulative incidences of all-cause death, CD, and re-MI were similar for group B and C, the cumulative incidences of any repeat revascularization (aHR, 1.584; 95% CI, 1.092--2.298; *P* = .015), TLR (aHR, 1.593; 95% CI, 1.072--2.341; *P* = .043), and TVR (aHR, 1.670; 95% CI, 1.029--2.711; *P* = .034) were significantly higher in group B compared with group C. Figure [3](#F3){ref-type="fig"} shows subgroup analysis for MACEs for groups B and C at 2 years. Regarding men, decreased LVEF (\<50%), NSTEMI, regardless of presence or absence of hypertension, and the use of lipid lowering agents, RASIs showed more beneficial effect on reducing MACEs in the group C compared with the group B. Additionally, old age (≥65 years), decreased LVEF (\<50%), hypertension, STEMI, cardiopulmonary resuscitation on admission, serum creatinine, multi-vessel disease, and the use of intravascular ultrasound were independent MACEs predictors (Table [4](#T4){ref-type="table"}).
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Hazard ratio for 2-year major clinical outcomes.
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Independent predictors for MACE at 2 years.
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4. Discussion
=============

The main findings of this study include:

1.  post RASIs therapy, the cumulative incidences of MACEs, any repeat revascularization, TLR, and TVR were significantly higher in group B than group C;

2.  the cumulative incidences of all-cause death, CD, re-MI, and non-TVR were similar in group B and C;

3.  the cumulative incidences of MACEs, all-cause death, any repeat revascularization, TLR, and TVR in group B were significantly higher than those in group A;

4.  the cumulative incidences of MACEs, re-MI, TLR, and TVR in group D were significantly higher than those in group A; and

5.  old age (≥65 years), decreased LVEF (\<50%), hypertension, STEMI, cardiopulmonary resuscitation on admission, serum creatinine, multi-vessel disease, and intravascular ultrasound use were independent MACEs predictors.

Kawasaki et al^\[[@R25]\]^ demonstrated that ARBs improve diastolic dysfunction in diabetic patients, at least via the attenuation of myocardial fibrosis. Although dyslipidemia is a major determinant of long-term clinical outcomes in AMI patients, many recent studies have focused on high-dose statin therapy, rather than the important role of RASI.^\[[@R26],[@R27]\]^ The SMILE (Survival of Myocardial Infarction Long-term Evaluation) trial^\[[@R28]\]^ and its post hoc analysis^\[[@R29]\]^ demonstrated that compared with the placebo and normocholesterolemic group, the early treatment with zofenopril was more effective in reducing morbidity and mortality in AMI and hypercholesterolemia patients (relative risk reduction = 43%, *P* = .034). Despite these previous studies that have proven the beneficial effects of RASIs in diabetes and dyslipidemia, there exist limited comparative data on the long-term major clinical outcomes of RASI therapy in diabetic and dyslipidemic AMI patients. Thus, the main objective of this study was to compare diabetes and dyslipidemia. Characteristically, our results demonstrated that the cumulative incidences of MACEs (aHR, 1.330; 95% CI, 1.022--1.732; *P* = .034), any repeat revascularization (aHR, 1.584; 95% CI, 1.092--2.298; *P* = .015), TLR (aHR, 1.593; 95% CI, 1.072--2.341; *P* = .043), and TVR (aHR, 1.670; 95% CI, 1.029--2.711; *P* = .034) were significantly higher in group B compared with group C in AMI patients who underwent successful PCI with newer-generation DESs after RASIs therapy. In Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, the higher cumulative incidence of MACEs in groups B (aHR, 1.355; 95% CI, 1.176--1.562; *P* \< .001) and D (aHR, 1.499; 95% CI, 1.142--1.969; *P* = .004) in comparison with group A was expected. The potential mortality reduction capability of RASIs in AMI patients had been reported in previous studies,^\[[@R6],[@R30],[@R31]\]^ and in the present study, RASIs therapy-reduced mortality rates were similar in groups B and C (all-cause death \[aHR, 1.248; 95% CI, 0.792--1.968; *P* = .340\] and CD \[aHR, 1.130; 95% CI, 0.681--1.875; *P* = .637\]) indicating that the results of this study are compatible with those of previous studies.^\[[@R6],[@R30],[@R31]\]^ Compared with non-diabetic patients, diabetes appeared to increase the risk of TLR, TVR, and MACEs after PCI, conferred a poorer clinical outcome, and was associated with plaque growth and vascular instability.^\[[@R32]--[@R34]\]^ The characteristics of lesions in diabetic patients are known to be longer, and present in smaller vessels compared with non-diabetic patients.^\[[@R35]\]^ In the present study, the number of multi-vessel disease cases (58.0% vs 49.2%, *P* \< .001) and the total length of the deployed stents (27.5 ± 12.0 mm vs 26.7 ± 10.6 mm, *P* = .018) were significantly higher in group B than group C. Thus, these baseline lesion characteristics may have contributed to the higher cumulative incidences of any repeat revascularization, TLR, and TVR observed in group B as compared to group C, after multivariable analysis. Additionally, in this study, we tried to get the results to reflect current "real-world" practice, which involves the use of newer-generation DESs. Hence, patients who received bare-metal stents or first-generation DESs were excluded. Diabetes patients treated with first-generation DESs reportedly showed higher rates of repeat revascularization compared with non-diabetes patients (TLR \[6.8% vs 4.6%, *P* = .0002\] and TVR \[9.4% vs 6.2%, *P* \< .0001\]).^\[[@R32]\]^ In the newer-generation DESs era, the rate of recurrence of any repeat revascularization was also significantly higher in diabetes patients (20.2% vs 12.7%, *P* = .007).^\[[@R36]\]^ Although the precise mechanisms of the observed restenosis are not fully understood, some suggested mechanisms include abnormal vascular wall response to the implanted stent and smooth muscle cell proliferation.^\[[@R37]\]^ In addition, Mizia-Stec et al^\[[@R38]\]^ suggested that in-stent coronary restenosis is associated with impaired endothelial-dependent vasodilation rather than the stent type used. Endothelial dysfunction is an important cardiovascular risk factor, given that it is a critical factor in the genesis of vascular disease.^\[[@R39]\]^ Dyslipidemia is another well-known factor, crucial for endothelial damage, and an important predictor of atherosclerosis development.^\[[@R40]\]^ The causes of restenosis are complex, and include endothelial dysfunction, thrombosis, proliferation of smooth muscle cells, vascular remodeling, inflammatory reaction, and the release of various cytokines.^\[[@R41]\]^ Unfortunately, due to the complexity of these causative factors involved in restenosis in diabetes and dyslipidemia, the main cause of the different revascularization rates in diabetes and dyslipidemia could not be narrowed down to any one specific factor, in the present study.

Despite these limitations, the results of this study may provide meaningful information that can help interventional cardiologists better understand the important roles of RASIs with respect to MACEs, any repeat revascularization, TLR, and TVR in diabetes mellitus and dyslipidemia in AMI patients who have undergone a successful PCI using newer-generation DESs.

The KAMIR is a nationwide, prospective, observational on-line registry in South Korea since November 2005. More than 50 high-volume University or community hospitals with facilities for primary PCI and onsite cardiac surgery participated in this study. Therefore, we believe the study population of this study is sufficiently large to provide meaningful results. Furthermore, the results of this comparative study may persuade interventional cardiologists of the different clinical impacts of RASIs between diabetes and dyslipidemia with respect to long-term follow-up in AMI patients after successful PCI with newer-generation DESs.

This study had some limitations. First, dyslipidemia was defined according to the Asian guidelines, including the guidelines of the Japan Atherosclerosis Society,^\[[@R23]\]^ whereas this criterion may differ based on ethnicity or region. Second, there was the possibility of sample selection bias, given that the total numbers of diabetes and dyslipidemia patients in this study were relatively lower compared with those in a previous trial.^\[[@R42]\]^ This selection bias may be related to the fact that many patients were excluded using the exclusion criteria, which included the deployment of first-generation DESs (n = 9,967, 21.7%) and incomplete laboratory results (n = 10,050, 21.9%). Additionally, in this registry cohort, the cumulative incidence of all-cause death was higher in group B than group D (3.6% vs 3.0%, *P* = .381, Table [2](#T2){ref-type="table"}). Even though this difference was not statistically significant but numerically different (aHR, 1.137; 95% CI, 0.698--1.853; *P* = .396, Table [3](#T3){ref-type="table"}), it is hard to explain the exact cause. It also may be associated with sample selection bias. Third, there may be some under-reporting and/or missed data because the study was a non-randomized study. Fourth, the study was based on medications at discharge, and this registry data did not include detailed or full data on the prescription doses, long-term adherence, discontinuation, and drug-related adverse events. Therefore, this might have been an important source of bias in this study. Fifth, the achievement of the target blood cholesterol level (i.e., low-density lipoprotein--cholesterol) was a very important prognostic parameter in diabetes or dyslipidemia patients during the follow-up period. However, in this KAMIR, the follow-up data was not provided. Therefore, this might have introduced a bias. Sixth, during the follow-up period, the patients enrolled in groups B or C could have been transferred to group D. However, this information could not be verified because of the limitations of the registry data; thus, this could also act as a bias. Seven, to strengthen the results of this study, multivariable analyses were performed; however, the variables that were not included in the data registry might have affected the study outcome. Last, rise in blood pressure is closely linked to an increase in measures of obesity, which, in turn, associated with an increase insulin resistance and worsening of an atherogenic lipid profile.^\[[@R43]\]^ Therefore, arterial hypertension could influence our results. However, in this study, we were more focused on the comparative clinical outcomes between diabetes and dyslipidemia rather than arterial hypertension. This may be important limitation in this study.

To conclude, in this study, under the newer-generation DESs era, repeat revascularization rate reduction benefit of RASIs therapy in diabetic AMI patients was lesser than that in dyslipidemic AMI patients. However, larger randomized controlled studies are needed to confirm these results in the future.
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